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Introduction:  CR chondrites are a group of car-
bonaceous chondrites with well-preserved records of 
formation of their components in the solar nebula [e.g., 
1-3]. The CR chondrites have undergone a wide range 
of aqueous alteration from nearly anhydrous (CR2.8 or 
CR3.0) to extensive recrystallization of primary miner-
als, including replacement of coarse-grained silicates in 
chondrules (CR2.0) [e.g., 4,5]. At the same time, CRs 
have experienced only minor thermal metamorphism 
except for rare CR6 samples. Identifying minimally 
altered CR chondrites is a priority because they pre-
serve (1) relatively pristine records of the solar nebula 
and (2) minerals and textures at the beginning stages of 
aqueous alteration. Here we report the petrologic char-
acteristics of Y-791498 and A-881828 as the least 
aqueously altered CR chondrites in the Japanese NIPR 
meteorite collection. Previous studies have shown that 
fine-grained rims on chondrules are indicators of incip-
ient alteration of primitive CR chondrites [5-7], there-
fore we focus on rims around chondrules in the two 
meteorites. 
Methods:  Polished thin sections of Y-791498 and 
A-881828 were studied using a JEOL JSM-7100F FE-
SEM and a JEOL JXA-8200 EPMA at NIPR. The ex-
tent of aqueous alteration was estimated from the 
preservation of glass in chondrule mesostasis, textural 
replacement of chondrule phenocrysts, alteration of 
primary anorthite and metal. Aqueous alteration in CR 
chondrites is characterized by the oxidation of metal by 
magnetite, and replacement of chondrule mesostasis 
and silicates by phyllosilicates and carbonates [e.g., 8]. 
In CRs classified as 2.8 by [5], some chondrules have 
smooth-appearing, phyllosilicate-rich rims; some of the 
rims have distinct BSE-dark and BSE-bright (“two-
toned rims” of [5]); similar rims on chondrules were 
not observed by [5] in CRs with subtype ≤2.7.    
The degree of thermal metamorphism of the mete-
orites was evaluated using Raman spectra of matrix 
grains collected with a JASCO NRS-1000 Raman 
Spectrometer at NIPR. The Raman constraint on met-
amorphic temperature is based on the G- and D-bands 
(associated with graphite and defects, respectively) in 
the carbonaceous matter. With increasing metamorphic 
temperature, the full-width at half-maximum (FWHM) 
of the D-band decreases, and the intensity ratio ID/IG 
increases [9]. 
Results:  General Petrography  
Y-791498 and A-881828 are both classified as 
CR2 and terrestrial weathering category B [10]. They 
contain abundant well-defined Type-I chondrules rang-
ing from 300 μm to 3 mm across in thin sections. Re-
fractory inclusions are rarely found - only AOA and a 
few CAIs are observed in each thin section of both Y-
791498 and A-881828. Framboidal magnetite occurs in 
A-881828 but is rare, and other alteration features are 
minor in the two samples, suggesting that both meteor-
ites have mainly escaped from aqueous alteration.  
Matrix petrology and Raman characteristics 
Matrix is heterogeneously distributed in both me-
teorites. Distinct Fe-rich fine-grained matrix domains, 
similar to those described by [11] in the pristine CR 
chondrite MET 00426, are observed in both samples 
(Fig. 1). The Fe-rich matrix domains are extremely 
fine-grained, and contain abundant fine-grained sul-
fides. Raman spectra were collected on randomly-
selected matrix areas in thin sections. Although D and 
G-bands from the fine-grained matrix are unclear com-
pared to the normal matrix areas, all data show low 
ID/IG, suggesting low thermal maturity, particularly in 
comparison with UOCs and CV chondrites [12]. 
Chondrules and their rims 
Type I chondrules in the two meteorites are com-
monly multilayered, with cores dominated by forsteritic 
olivine and low-Ca pyroxene, and mantles with abun-
dant Fe-Ni metal grains. Feldspathic glass mesostasis 
was identified in some chondrules in both meteorites; 
phyllosilicates replacing mesostasis were not identified. 
Chondrules have clear boundaries with fine-grained 
matrix. Rims similar to those identified by [5] in CR2.8 
chondrites occur around some chondrules in Y-791498 
and A-881828. The rims are ≤30 μm in width with 
smooth appearance in BSE, often are two-toned in 
BSE, and in some cases have honeycomb textures with 
silica surrounded by high-Ca-pyroxene (Figs. 2a,b). 
Some rims are decorated with fine-grained magnetite 
grains (<5 μm) (Fig. 2c). BSE-dark parts of the two-
toned rims SEM-EDS are Fe-poor compared to the 
brighter regions, and their compositions are within the 
range of fine-grained rims in QUE 99177 and MET 
00426 (Fig. 3).  
Discussion:  Based on the occurrence of fine-
grained rims on some chondrules combined with the 
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preservation of glass in chondrule mesostasis, Y-
791498 and A-881828 have experienced minor aque-
ous alteration compared to other CR samples in the 
NIPR collection. Aqueous alteration of Y-791498 and 
A-881828 was similar in extent to primitive CR chon-
drites QUE 99177, EET 92062, and MET00426, sug-
gesting classification of CR 2.8. 
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Fig. 1. BSE images of fine-grained rims in Y-791498 
and A-881828. The fine-grained matrix contains abun-
dant fine-grained sulfides. 
 
 
Fig. 2. BSE images of two-tone rims in Y-791498 and 
A-881828. The “honeycomb” structure of silica (si) in 
high-Ca pyroxene (cpx) in Y-791498 (a), and coexist-
ence with silica rim around chondrule in A-881828 (b) 
are also observed. Some rims are decorated with fine-
grained magnetite grains (c). 
 
Fig. 3. Ternary diagram of compositions of the two-
tone rim and silica grains in Y-793495 (open symbols) 
and A-881828 (solid symbols) determined by SEM-
EDS analyses. The compositions of fine-grained rims 
in QUE 99177 and MET 00426 (data from [11]), and 
average CI composition ([13]) are shown for compari-
son. The compositions of silica rims are also plotted. 
